Brazil. Monthly samples were carried out in the morning, afternoon, and evening using two over-trawls with 6 m at the opening, 3.0-cm mesh at the outer part and 2.0-cm mesh in the bag. Dardanus insignis was collected year round but with higher densities in September and October. The hermit crabs were more abundant during the evening than the afternoon but no di¡erences were recorded between morning and both evening and afternoon. Females were slightly more abundant than males but the sex ratio did not di¡er from 1:1. Females were more abundant in the smallest size-classes (51.8 cm) while males outnumbered females in the largest ones (42.2 cm). The individuals of this population of D. insignis have a mean cephalothoracic length of 1.89 AE0.40 cm (range 1.00 to 3.90 cm) and a mean weight of 40.26 AE27.06 g. The size distribution showed an unimodal pattern, with males being larger than ovigerous females, which, in turn, were larger than non-ovigerous females. Dardanus insignis showed a seasonal reproductive pattern with a peak from September to November and complete absence of ovigerous females from April to August. The von Bertalan¡y growth function (VBGF) with temporal oscillation ¢tted for this population of D. insignis had the following parameters: L 1 ¼4.40 cm, K¼0.60, C¼0.95, WP¼0.35. Recruitment was estimated to start in September and was extended to the following months. Estimates of longevity ranged from 20 to 62 months. A mortality rate of 2.21 was estimated based on the length converted catch curve. The cephalothoracic length of males and females showed, respectively, positive and negative allometry with both cephalothoracic width and crab weight.
INTRODUCTION
The studies on populations generally present descriptions of density, size distribution, dispersion patterns, sex ratio and reproductive periods that can be compared to other populations of the same species, genus or other taxonomic level. Such comparisons are an important strategy to verify di¡erences among populations and to understand, at least partially, the environmental and/or biological constraints that are shaping the structure of these populations, i.e. the selective forces that are selecting particular populational traits. Moreover, the study of dominant populations may be very important to elucidate the structure and function of communities.
Hermit crabs are a very abundant group in macroinvertebrate assemblages in intertidal and subtidal areas (Wenner & Read, 1982; Branco et al., 1998; MartinezIglesias & Garc|¤ a-Raso, 1999; Fernades-Go¤ es, 2000) . They are an interesting group of crustaceans that depend almost exclusively on gastropod shells resources to shelter their soft abdomen. The hermit crabs have elaborated shell ¢ghting and mating behaviours (Hazlett, 1966a,b) and may present short or long-range daily movements (Hazlett, 1981) and even seasonal migrations (Fotheringham, 1975; Rebach, 1978 Rebach, , 1981 Asakura & Kikuchi, 1984; Asakura, 1987) . Seasonality is also recorded for the reproductive period of hermit crabs both in temperate and tropical areas (Turra & Leite, 2000) . Although a large number of studies on population biology have been conducted recently (see Turra & Leite, 2000 for a review), the evaluation of population growth was undertaken only for the temperate hermit crabs Cestopagurus timidus (Roux, 1830) (Manjo¤ nCabeza & Garc|¤ a-Raso, 1994) and Diogenes pugilator (Roux, 1829) (Manjo¤ n-Cabeza & Garc|¤ a-Raso, 1998) and for the tropical hermit crabs Clibanarius antillensis (Stimpson, 1859), Clibanarius sclopetarius (Herbst, 1796) and Clibanarius vittatus (Bosc, 1802) (Turra & Leite, 2000) .
Dardanus insignis (Saussure, 1858) is an occidental Atlantic oceanic hermit crab occurring in eastern United States, Gulf of Mexico, Antilles, Brazil (from Rio de Janeiro to Rio Grande do Sul), Uruguay and Argentina in di¡erent substrate types from depths of 1.5 to 500 m (Rieger, 1997) . According to Hazlett (1966b) , this species also occupies worm tubes and had a behavioural repertoire very similar to Petrochirus diogenes (Linnaeus, 1758), another oceanic hermit crab species. The complete description of the larval development of this species enabled its clear distinction from Dardanus arrosor (Herbst, 1796) (Hebling & Mansur, 1995) , a hermit crab species common to north and north-eastern Brazilian waters (Rieger, 1997) . More recently, the biology of a tropical population of D. insignis was studied by Fernandes-Go¤ es (1997, 2000) in the Ubatuba region, south-eastern Brazil.
The aim of this study was to describe the population structure of the subtidal hermit crab D. insignis at the Armac°a‹ o do Itapocoroy, a subtropical area in southern Brazil. In this way, we describe the seasonal and daily variation in abundance of the studied population as well as its size structure, sex ratio, relative growth and reproductive period. The monthly data on the population size structure were used to estimate population growth using the von Bertalan¡y growth function (VBGF).
MATERIALS AND METHODS
This study was conducted between January and December 1995 at Armac°a‹ o do Itapocoroy, Penha (26846 0 S 48836 0 W and 26847 0 S 48837 0 W), southern Brazil. The bottom of this area is composed of sand in the shallowest parts and by biodetritic sediment in the deepest ones. Monthly samples were collected in three periods (morning, afternoon, and evening) using two over-trawls with 6 m at the opening, 3-cm mesh at the outer part and 2-cm mesh in the bag. The sediment was trawled from depths of 6 to 10 m during 30 min at a constant speed of 2 knots. The abundance of individuals was compared among periods of the day using a paired t-test and considering months as temporal replicates. Three samples of water temperature were recorded in each sampling month (one for each sampling period of the day).
The individuals of Dardanus insignis were removed from their shells and then measured (cephalothoracic length and width, cm) and weighed (g). The shells were also weighed (g). The sex of the crabs as well as the presence of eggs in female pleopods was recorded. The population sex ratio was compared to 1:1 with the log-likelihood G-test (Zar, 1996) . The size and weight of males and females and of ovigerous and non-ovigerous females were compared through the Student t-test (Zar, 1996) . The exponential regression model (y¼a.x b ) was ¢tted for the relationships between the cephalothoracic length and width and between the cephalothoracic length and the weight of all individuals, of males and females and of ovigerous and non-ovigerous females. A Student t-test was used to test the null hypothesis of isometry (b¼1) in these models. All tests were conducted with the signi¢cant level ¢xed at 0.05. Mean AEstandard error is presented through the text.
The estimates of the parameters of the VBGF were based on the size^frequency distribution over time using the software FISAT (Gayanilo & Pauly, 1997) . A growth function with temporal oscillation suggested by Gayanilo & Pauly (1997) was used:
where L t is the length at a given time t, L 1 the asymptotic length (mm), K the growth constant or curvature parameter (rate at which L 1 is approached), t 0 the starting sample through which the growth curve passes, C the amplitude of seasonal growth (0, minimum; 1, maximum) and WP (winter point) the proportion of the year when growth rate is slowest. The goodness-of-¢t of the VBGF was accessed by the calculation of Rn (0, minimum; 1, maximum) of the ELEFAN I routine (Gayanilo & Pauly, 1997) . Two estimates of longevity considered the time necessary to a given individual to reach a given size-class under which 95 and 99% of the individuals were represented. This calculation was based on the equation above. A third longevity estimate was made through the length converted catch curve, as proposed by Gayanilo & Pauly (1997) , based on the parameters of the VBGF. A fourth way to estimate longevity was based on the direct observation of the oldest cohort in the ¢tted VBGF. The total mortality rate (Z) was estimated using linear regression analysis obtained in the length converted catch curve in the software FISAT (Gayanillo & Pauly, 1997) . The index of Munro & Pauly (1983) modi¢ed by Sparre (1987) (f 0 ¼ LnK þ 2LnL 1 ) was calculated to draw interspeci¢c comparisons.
RESULTS

Temporal distribution
The crabs were collected year round but with higher densities in September and October (Figure 1) 
Sex ratio
Females (617 ind) were slightly more abundant than males (579 ind) but the sex ratio was not di¡erent from 1:1 (G¼1.21, df¼1, P¼n.s.). The size of the hermit crabs had an in£uence on the sex ratio (Figure 2 ). Females were more abundant in the smallest size-classes (51.8 cm) while males outnumbered females in the largest ones (42.2 cm). Males and females were equally abundant at the 2.0 cm size-class. Sex ratio, indicated here by the proportion of males in the population, varied among the sampling months from 0.37 to 0.69 but did not show any clear seasonal pattern (Figure 3 ). 
Size structure and reproductive period
The individuals of this population of Dardanus insignis had a mean size of 1.89 AE0.40 cm (range 1.00^3.90 cm) and a mean weight of 40.26 AE27.06 g. The size distribution showed an unimodal pattern slightly skewed to the right (Figure 2) , with males being larger (length and width) and heavier than females (Table 1) . Ovigerous females were slightly larger than non-ovigerous females, but showed similar widths. The ovigerous females were also heavier than non-ovigerous females (Table 1 ). In fact, the proportion of ovigerous females increased with female size (Figure 2) . The smallest ovigerous female was 1.00 cm long. Dardanus insignis showed a seasonal reproductive pattern with a peak from September to November and complete absence of ovigerous females from April to August (Figure 3 ).
Growth and mortality
The VBGF ¢tted for this population of D. insignis 
Relative growth and relationship with shell weight
The cephalothoracic length presented positive allometric relationships with both cephalothoracic width and crab weight (Student t-test for allometry: t¼4.60, df¼1196, P50.001; t¼53.09, df¼1196, P50.001, respectively) (Figure 6 ). Positive allometry between cephalothoracic length and width was recorded only for the males while females showed a negative allometric relationship (Table 2) . Both ovigerous and non-ovigerous females presented such negative allometry, but it was stronger for ovigerous females (Student t-test for regression coe⁄-cients: t¼6.16, df¼612, P50.001). Positive allometry was also recorded for the relationship between cephalothoracic length and crab weight for males and females and for ovigerous and non-ovigerous females (Table 2 ), but the allometry in ovigerous females was weaker than for nonovigerous females (Student t-test for regression coe⁄-cients: t¼8.83, df¼612, P50.001).
It was not possible to ¢t any model for the relationship between crab size and shell weight and between crab weight and shell weight ( in two directions, i.e. the heaviest shells were occupied almost exclusively by small size or light crabs while the largest crabs used frequently shells with low or intermediate weight.
DISCUSSION
Hermit crabs may undergo along-shore daily movements which can vary from half a metre (Hazlett, 1983) to a few hundred metres (Hazlett, 1981) in a single day. These daily movements may be responsible for the variation in abundance among di¡erent periods of the day reported for Dardanus insignis in the present study. Once lower abundances were recorded during the day the crabs may move apart from the sampling area (5^10 m depth) in this period either to deeper areas or to sites near the rocky shores. However, there are no records of daily movements for this species to strengthen this hypothesis. Moreover, it is not possible to address the role of digging behaviour, displayed by many subtidal species and probably by D. insignis, may play on preventing their capture by the sampling procedure. Despite the possibility of short-range movements, hermit crabs such as Clibanarius vittatus (Fotheringham, 1975) , Pagurus longicarpus Say, 1817 (Rebach, 1978 (Rebach, , 1981 and Diogenes nitidimanus Terao, 1913 (Asakura & Kikuchi, 1984 Asakura, 1987) may undergo seasonal migrations from shallow to deep waters. These migratory movements may be evidenced by marked variations in the abundance of individuals during speci¢c periods in a given site as recorded for Dardanus insignis (Fernandes-Go¤ es, 1997; present study). Dardanus insignis presented higher abundances associated to the lowest water temperatures in Armac°a‹ o do Itapocoroy (September and October) and in Ubatuba Bay (AugustÔ ctober, Fernandes-Go¤ es, 1997) . This may evidence that these populations leave the shallow embayed waters in the summer months and then return in the colder periods, when they initiate their reproductive period (see below). However, a more recent study in the Ubatuba region presented data on the abundance on D. insignis for ¢ve locations in two subsequent years (Fernandes-Go¤ es, 2000) showing that the pattern of annual variation in abundance for these populations may vary among areas and between consecutive years and did not show clear relationships with water temperature.
Sexual dimorphism in the study population of D. insignis was evidenced by the larger average sizes attained by males in relation to females. This kind of sexual dimorphism seems to be a constant in hermit crabs as suggested by previous reports for other species (Fernandes-Go¤ es, 1997;
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L 1 , asymptotic length (mm); K, growth curvature parameter; C, amplitude of seasonal growth (0, minimum; 1, maximum); WP (winter point), the proportion of the year when growth rate is slowest; Rn, goodness-of-¢t index (0, minimum; 1, maximum) of the ELEFAN I routine (Gayanilo & Pauly, 1997) ; È 0 ¼LnK+2LnL 1 , index of Munro & Pauly (1983) after Sparre (1987) . *, estimated from inspection of the ¢tted von Bertalan¡y growth function; **, L 1 in mm as converted from 4.40 cm based on data in Fernandes-Go¤ es (1997); ***, pooled data for males and females from two consecutive years; n.a., not available.
Moreover, it is important to note that these two populations have coincident peaks of ovigerous females between September and October and absence or low number in the rest of the year.
No model could be ¢tted between the shell weight and both cephalothoracic length and crab weight considering all shell types. The inspection of Figure 6 reveals that the points are scattered in two directions as also recorded for another population of D. insignis in south-eastern Brazil (Fernandes-Go¤ es, 1997). This was probably caused by the use of di¡erent shell species by the crabs. In fact, Fernandes-Go¤ es (1997) analysed separately the relationship between crab size and shell weight for each shell type used by the crabs. She revealed that the relationship with shells of Olivancillaria urceus (Ro« ding, 1798) have a greater slope than those with Buccinanops gradatus (Deshayes, 1844) and Tonna galea (Linnaeus, 1758) and that such di¡erences were a direct consequence of the high weight of O. urceus in relation to the two other shell types.
